Analysis of bacteriophage phi X174 gene A protein-mediated termination and reinitiation of phi X DNA synthesis. II. Structural characterization of the covalent phi X A protein-DNA complex.
In the preceeding paper (Brown, D. R., Roth, M. J., Reinberg, D., and Hurwitz, J. (1984) J. Biol. Chem. 259, 10545-10555), it was shown that following bacteriophage phi X174 (phi X) DNA synthesis in vitro using purified proteins, the phi X A protein could be detected covalently linked to nascent 32P-labeled DNA. This phi X A protein-[32P]DNA complex was the product of the reinitiation reaction. The phi X A protein-[32P]DNA complex could be trapped as a protein-32P-oligonucleotide complex by the inclusion of ddGTP in reaction mixtures. In this report, the structure of the phi X A protein-32P-oligonucleotide complex has been analyzed. The DNA sequence of the oligonucleotide bound to the phi X A protein has been determined and shown to be homologous to the phi X (+) strand sequence immediately adjacent (3') to the replication origin. The phi X A protein was directly linked to the 5' position of a dAMP residue of the oligonucleotide; this residue corresponded to position 4306 of the phi X DNA sequence. The phi X A protein-32P-oligonucleotide complex was exhaustively digested with either trypsin or proteinase K and the 32P-labeled proteolytic fragments were analyzed. Each protease yielded two different 32P-labeled peptides in approximately equimolar ratios. The two 32P-labeled peptides formed after digestion with trypsin (designated T1 and T2) and with proteinase K (designated PK1 and PK2) were isolated and characterized. Digestion of peptide T1 with proteinase K yielded a product which co-migrated with peptide PK2. In contrast, peptide T2 was unaffected by digestion with proteinase K. These results suggest that the phi X A protein contains two active sites that are each capable of binding covalently to DNA. The peptide-mononucleotide complexes T1-[32P]pdA and T2-[32P]pdA were isolated and subjected to acid hydrolysis in 6.0 N HCl. In each case, the major 32P-labeled products were identified as [32P] phosphotyrosine and [32P]Pi. This indicates that each active site of the phi X A protein participates in a phosphodiester linkage between a tyrosyl moiety of the protein and the 5' position of dAMP.